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CLAIM AMENDMENTS 

1. • (Allowed) A method of characterizing spectrometer instruments according to 
instrument variation, comprising the steps of: 

5 providing at least one standard spectrum from at least one spectrometer instrument; 

and 

classifying said at least one spectrometer instrument into at least one of a plurality of 
predefined clusters on the basis of features extracted from said at least one spectrum; and 
providing at least one calibration models for each of said predefined clusters that 
10 models instrument variation of instruments classified to the cluster. 

2. (Allowed) The method of Claim 1 wherein said instrument variation comprises any 
of: 

wavelength shifts; 
1 5 nonlinear wavelength shifts; 

wavelength expansions; 

wavelength contractions; 

nonlinear wavelength expansions;. 

source intensity drifts; 
20 blackbody profile changes; 

bandwidth changes; 

resolution changes; 

baseline deviations; 

changes over time; 
25 temperature effects; 

detector response; 

differences in optical components; 

variation related to mounting of references; 

differences in the optical interface to the sample; 
30 linearity; and 

detector cut-off. 

3. (Allowed) The method of Claim 1 , wherein said standard spectra are measured on a 
plurality of spectrometer instruments. 

35 
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4. (Allowed) The method of Claim 1 , wherein said standard sp ctraLare measured on a 
single spectrometer instrument at successive time intervals. 

5. (Allowed) The method of Claim 1, wherein said classifying step comprises the 
5 steps of: 

extracting features; and 

classifying said features according to a classification model and decision rule. 

6. (Allowed) The method of Claim 5, wherein said feature extraction step comprises 
10 any mathematical transformation that enhances a particular aspect or quality of data that is 

useful for interpretation. 

7. (Allowed) the method of Claim 5, wherein said classification model comprises 
means for determining a set of similarity measures with predefined classes. 

15 

8. (Allowed) The method of Claim 5, wherein said decision rule comprises means for 
assigning class membership on the basis of a set of measures calculated by a decision 
engine. 

20 9. (Allowed) The method of Claim 1 , wherein individual features are divided into two 
categories, said categories comprising: 

abstract features wherein said features are extracted using various computational 
methods; and 

simple features that are derived from an a priori understanding of a system, wherein 
25 said feature is directly related to an instrument parameter or component. 

1 0. (Allowed) The method of Claim 9, wherein said abstract features are calculated using 
any of: 

plotting primary principal components versus one another and identifying resulting 
30 clusters; 

discriminant analysis; and 
k-means clustering. 

1 1 . (Allowed) The method of Claim 5, wherein said classification step further comprises 
35 the step of employing factor-based methods to build a model capable of representing 

variation in a measured spectrum related to variations in spectral response; 
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wherein projection of a measured absorbance spectrum onto said model constitutes 
a feature that represents spectral variation related to instrument variation. 

12. (Allowed) The method of Claim 5, wherein said classifying step further comprises 
5 the steps of: 

measuring the similarity of a feature to predefined clusters; and 
assigning membership in a cluster. 

1 3. (Allowed) The method of Claim 5, further comprising the step of: 
10 assigning measurements in an exploratory data set to clusters. 

1 4. (Allowed) The method of Claim 1 3, further comprising the step of: 

using measurements and class assignments to determine a mapping from features 
to cluster assignments. 

15 

15. (Allowed) The method of Claim 1 3, further comprising the steps of: 

defining clusters from said features in a supervised manner, wherein each set of 
features is divided into two or more regions, and wherein classes are defined by 
combinations of feature divisions; 
20 designing a classifier subsequent to class definition through supervised pattern 

recognition by determining an optimal mapping or transformation from the feature space to 
a class estimate which minimizes the number of misclassifications; and 

creating a model based on class definitions which transforms a measured set of 
features to an estimated classification. 

25 

16. (Allowed) The method of Claim 1, further comprising the step of applying said 
calibration models to analysis of new sample measurements. 

17. (Allowed) The method of Claim 16, wherein said calibration models model 
30 differences between said predefined clusters. 

18. (Allowed) The method of Claim 16, wherein a master calibration model is 
developed for a first of said clusters from a set of exemplar spectra with reference values 
and pre-assigned classification definitions. 

35 
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19. (Allowed) The method of Claim 18, further comprising the step of transferring said 
master calibration model to a plurality of slave calibration models, wherein a slave calibration 
model Is calculated for each remaining cluster, and wherein a transform modifies said master 
calibration model to a slave calibration model in accordance with principal features defining 

S each of said classes. 

20. (Allowed) The method of Claim 19, wherein said transferring step comprises the 
steps of; 

transferring said master calibration model to a first slave calibration model; 
10 transferring said first slave calibration model to a second slave calibration model; 

and repeating said transfer from one slave calibration model to another slave 
calibration model, until a calibration has been provided for each of said predefined clusters; 

wherein a transform modifies said transferred calibration models in accordance with 
principal features defining each of said clusters. 

15 

21. (Allowed) The method of Claim 18, further comprising the step of transferring said 
master calibration model to a plurality of slave calibration models, wherein a slave calibration 
model is calculated for each remaining cluster, and wherein a transform modifies said slave 
calibration model to said master calibration model in accordance with principal features 

20 defining each of said classes. 

22. (Allowed) The method of Claim 21 , wherein said transferring step comprises the 
steps of: 

transferring said master calibration model to a first slave calibration model; 
25 transferring said first slave calibration model to a second slave calibration model; 

and repeating said transfer from one slave calibration model to another slave 
calibration model, until a calibration has been provided for each of said predefined clusters; 

wherein a transform modifies said transferred calibration models in accordance with 
principal features defining each of said clusters. 

30 

23. (Allowed) The method of Claim 16, wherein a different calibration model is 
developed for each cluster, and wherein said calibration models are developed from a set 
of exemplar spectra, with reference values and pre-assigned cluster definitions. 

35 24. (Allowed) The method of Claim 23, wherein a spectrum is assigned to one of many 
of said predefined clusters for which a calibration model has been developed. 
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25. (Allowed) The method of Claim 1 , further comprising the steps of: 
providing new spectral measurements; 

comparing said new spectral measurements to each of said pre-defined clusters 
5 according to extracted spectral features; 

reporting those measurements as outliers for which a matching cluster is not found. 

26. (Allowed) A method of developing calibration models for spectral anaiysis 
comprising the steps of: 

10 defining clusters from an exemplar data set of spectral measurements, wherein said 

clusters exhibit a high degree of internal similarity; 

mapping said clusters to one another, wherein principal features distinguishing 
clusters from one another are determined; 

calculating a calibration model for a first of said clusters, said calibration model 
1 5 comprising a master calibration; 

transferring said master calibration to at least one slave calibration, wherein a slave 
calibration comprises a calibration derived by applying a transform to slave spectra such 
that the master calibration now models the difference between the master cluster and 
another cluster corresponding to said slave spectra. 

20 

27. (Allowed) A method of characterizing spectrometer instruments according to 
instrument variation, comprising the steps of: 

collecting spectra using at least one optical spectrometer instrument; and 
classifying said spectra into predefined clusters on the basis of extracted spectral 
25 features; and 

providing calibration models for each of said predefined clusters, wherein said 
calibration models model instrumental variation. 

28. (Allowed) A method of characterizing spectrometer instruments according to 
30 instrument variation, comprising the steps of: 

collecting spectra using at least one spectrometer instrument; and 
classifying said spectra into predefined clusters on the basis of extracted spectral 
features; and 

providing calibration models for each of said predefined clusters, wherein said 
35 calibration model is applied to a new spectral measurement. 
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29. (Allowed) A method of characterizing spectrometer instruments according to 

instrument variation, comprising the steps of: 

collecting spectra using at least one spectrometer instrument; and 
classifying said spectra into predefined clusters on the basis of extracted spectral 
5 features; and 

providing calibration models for each of said predefined clusters, wherein said 
calibration models model said instrument variation; and 

wherein said at least one spectrometer instrument is not a mass spectrometer. 

10 30. (Allowed) A method of characterizing spectrometer instruments according to 
instrument variation, comprising the steps of: 

collecting at least one spectrum using at least one spectrometer instrument; and 
classifying said spectrometer instrument into predefined clusters on the basis of 
extracted spectral features; and 
15 providing calibration models for each of said predefined dusters. 

31. (Allowed) The method of Claim 30, wherein said calibration models model 
instrument variation. 

20 32. (Allowed) The method of Claim 3, wherein said instrument variation comprises any 
of: 



25 



35 



30 



wavelength shifts; 

nonlinear wavelength shifts; 

wavelength expansions; 

wavelength contractions; 

nonlinear wavelength expansions; 

source intensity drifts; 

blackbody profile changes; 

bandwidth changes; 

resolution changes; 

baseline deviations; 

changes over time; 

temperature effects; 

detector response; 

differences in optical components; 

variation related to mounting of references; 
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differences in the optical interface to the sample; 
linearity; and 
detector cut-off. 



5 33. (Allowed) The method of Claim 30, wherein said standard spectra are measured on 
a plurality of spectrometer instruments. 



10 



15 



34. (Allowed) The method of Claim 30, wherein said standard spectral are measured on 
a single spectrometer instrument at successive time intervals, 

35. (Allowed) The method of Claim 30, wherein said classifying step comprises the 
steps of: 

extracting features; and 

classifying said features according to a classification model and decision rule. 

36. (Allowed) The method of Claim 35, wherein said feature extraction step comprises 
any mathematical transformation that enhances a particular aspect or quality of data that is 
useful for interpretation. 

20 37. (Allowed) The method of Claim 35, wherein said classification model comprises 
means for determining a set of similarity measures with predefined classes. 

38. (Allowed) The method of Claim 35, wherein said decision rule comprises means for 
assigning class membership on the basis of a set of measures calculated by a decision 

25 engine. 

39. (Allowed) The method of Claim 30, wherein individual features are divided into two 
categories, said categories comprising: 

abstract features wherein said features are extracted using various computational 
30 methods; and 

simple features that are derived from an a priori understanding of a system, wherein 
said feature is directly related to an instrument parameter or component. 

40. (Allowed) The method of Claim 39, wherein said abstract features aie calculated 
35 using any of: 

plotting primary principal components versus one another and identifying resulting 
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clusters; 

discriminant analysis; and 
k-means clustering. 

5 41 . (Allowed) The method of Claim 35, wherein said classification step further comprises 
the step of employing factor-based methods to build a model capable of representing 
variation in a measured spectrum related to variations in spectral response; 

wherein projection of a measured absorbance spectrum onto said model constitutes 
a feature that represents spectral variation related to instrument variation. 

10 

42. (Allowed) The method of Claim 35, wherein said classifying step further comprises 
the steps of: 

measuring the similarity of a feature to predefined clusters; and 
assigning membership in a cluster. 

15 

43. (Allowed) The method of Claim 35, further comprising the step of: 
assigning measurements in an exploratory data set to clusters. 

44. (Allowed) The method of Claim 43, further comprising the step of: 

20 using measurements and class assignments to determine a mapping from features 

to cluster assignments. 

45. (Allowed) The method of Claim 43, further comprising the steps of: 

defining clusters from said features in a supervised manner, wherein each set of 
25 features is divided into two or more regions, and wherein classes are defined by 
combinations of feature divisions; 

designing a classifier subsequent to class definition through supervised pattern 
recognition by determining an optimal mapping or transformation from the feature space to 
a class estimate which minimizes the number of misclassifications; and 
30 creating a model based on class definitions which transforms a measured set of 

features to an estimated classification. 

46. (Allowed) The method of Claim 30, further comprising the step of applying said 
calibration models to analysis of new sample measurements. 

35 
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47. (Allowed) The method of Claim 46, wherein said calibration models model 
differences between said predefined clusters. 

48. (Allowed) The method of Claim 46, wherein a master calibration model is 
S developed for a first of said dusters from a set of exemplar spectra with reference values 

and pre-assigned classification definitions. 

49. (Allowed) The method of Claim 48, further comprising the step of transferring said 
master calibration model to a plurality of slave calibration models, wherein a slave calibration 

10 model is calculated for each remaining cluster, and wherein a transform modifies said master 
calibration model to a slave calibration model in accordance with principal features defining 
each of said classes. 

50. (Allowed) The method of Claim 49, wherein said transferring step comprises the 
15 steps of: 

transferring said master calibration model to a first slave calibration model; 
transferring said first slave calibration model to a second slave calibration model; 
and repeating said transfer from one slave calibration model to another slave 
calibration model, until a calibration has been provided for each of said predefined clusters; 
20 wherein a transform modifies said transferred calibration models in accordance with 

principal features defining each of said clusters. 

51 . (Allowed) The method of Claim 48, further comprising the step of transferring said 
master calibration model to a plurality of slave calibration models, wherein a slave calibration 

25 model is calculated for each remaining cluster, and wherein a transform modifies said slave 
calibration model to said master calibration model in accordance with principal features 
defining each of said classes. 

52. (Allowed) The method of Claim 30, wherein said transferring step comprises the 
30 steps of: 

transferring said master calibration model to a first slave calibration model; 

transferring said first slave calibration model to a second slave calibration model; 

and repeating said transfer from one slave calibration model to another slave 
calibration model, until a calibration has been provided for each of said predefined clusters; 
35 wherein a transform modifies said transferred calibration models in accordance with 

principal features defining each of said clusters. 
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53. (Allowed) The method of Claim 46, wherein a different calibration model is 
developed for each cluster, and wherein said calibration models are developed from a set 
of exemplar spectra, with reference values and pre-assigned cluster definitions. 



54, (Allowed) The method of Claim 53, wherein a spectrum is assigned to one of many 
of said predefined clusters for which a calibration model has been developed. 

55. (Allowed) The method of Claim 30, further comprising the steps of: 



comparing said new spectral measurements to each of said pre-defined clusters 
according to extracted spectral features; 

reporting those measurements as outliers for which a matching cluster is not found. 

15 5& A m e thod of gonorating an analyto predict i on compri si ng s t e p s of: 

co lle cting a sample? spoctrum; 

prov i ding a plural i ty of pre - dof i nod - c l u s t e r s with corresponding ca l ibration mod el s, 
wh e r e in e ach Glustor 4& 4 e fi ne d according to s p e ctral f e atures characte ri stic of -s tat e of at le a s t 
Q Re- s p e ctrom e t e r instrum e nt; 
20 mapping said samplo s p e ctrum to on e of said prodofinod c l ust e r s ; and 

applying th e corr es ponding calibration mode l to gon e rat e s aid analyt e pr e dict i on 

Tho mothod of Claim 56, wh e r e in state comprisoc any of: 

variation of a s ingl e spoctromotor ovor timo; and 
25 var i ation b e tw ee n s p e ctrom e t e rs^ 

Tho mothod of Claim 56, furth e r oomprising - a stop of; 

clas s ifying said at l east ono spectrom e t e r in s trument into at l east ono of said - clu s t e rs, 

30 5& Th e m e thod of Cla i m 58 , sa i d -s t e p of cla ss ifying comprising: - 

ex tracting f e atur es ; and 

c l a ss ifying s aid f e atures acco rdi ng to a cla ss ification mod el and docis i on ru l o r 

SQr Tho mothod of Claim 5 9 , whoroin said - ■ f e ature extraction stop oomprisos any 

35 math e matical tran s formation that enhanc es a particu l ar asp e ct or qua l ity of data that i s u se ful 
for int e rpr e tation. 
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providing new spectral measurements; 
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Tho mcthodof Cla l m^6 r whorc i n - ind i v i dua l 4oaturos aro d i vid e d into two categorie s , 

s aid cat e gori es compri s ing: 

abstract - features, where i n said features aro extracted uo i ng various computational 
5 methods; and 

simple featur e s that are derived from an a - pribn - undorstanding of a s y s t e m, wh e r e in 
s aid - f e atur e is dir e ctly r e lat e d to an in s trum e nt param e t e r or compon e nt - . - 

@2i — Th e m e thod of Claim 30, wh e r e in s aid s t e p of mapping s aid s amp lo s p ectrum to 
10 on e of s aid prodofinod clusters compris e s: 

a ss ociating s aid samplo cpoctrum to on e of s aid pr e- d e fined c l uster s . 

©% Tho mothockjf Claim 62 - fu fib e r compri s ing a s t e p of: 

r e porting said samplo cpoctrum as an outlier i f amatoh i ng cluster i s not found, 

15 
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